Streptococcus equi subspecies equi has been recognised for many years as the causative organism of strangles, an infectious and highly contagious respiratory disease of young horses. Due to the highly contagious nature of the pathogen, morbidity rates range from 30 to 100 per cent, depending on the immune status of the exposed horse population (Sweeney and others 1987a) .
Strangles is characterised by the sudden onset of fever and upper respiratory tract catarrh, as evidenced by mucopurulent nasal discharge. These signs are commonly followed by the formation of abscesses in the submandibular and retropharyngeal lymph nodes. After the affected lymph nodes rupture and drain spontaneously or are surgically lanced and flushed, the disease runs its course and affected horses usually recover uneventfully, leaving 75 per cent of exposed horses with a solid, enduring immunity (Hamlen and others 1994) . However, a number of complications, including metastatic spread of infection or immunemediated processes, have been reported to occur in approximately 20 per cent of S equi infections and are associated with a significant increase in fatality rate (Ford and Lokai 1980 , Sweeney and others 1987b , Spoormakers and others 2003 . Metastatic spread of the organism to locations such as the thorax, lungs, brain, mesentery, liver, spleen and kidneys has been reported and may occur haematogenously, through lymphatic migration or via extension from a closely associated septic focus (Ford and Lokai 1980, Sweeney and others 1987b) . Although internal abdominal abscesses due to S equi are mentioned in the veterinary literature, there is little reference to the clinical diagnosis and management of this condition. This short communication describes the history, clinical signs, laboratory data, results of diagnostic imaging techniques, treatment and outcome in 10 horses with internal abdominal abscesses caused by S equi.
A computer search of the medical record database of horses examined at the Veterinary Medical Teaching Hospital (VMTH), University of California, between 1989 and 2004 was undertaken to identify potential candidates. Ten horses with one or more internal abdominal abscesses due to S equi were included in the study, based on clinical signs (presence of an internal abdominal mass on rectal examination), ultrasonographic findings, inflammatory peritoneal fluid, positive culture of S equi from an abdominal abscess or a high to very high titre against S equi. The data derived from the medical records included signalment, presenting complaint, duration of clinical signs, physical examination findings, laboratory results (haematology, biochemistry, peritoneal fluid cytology, culture and S equi serology), abdominal ultrasound, treatment and outcome, as well as postmortem examination findings when available.
The horses ranged in age from one to 12 years (mean four years) and included four mares, four geldings and two stallions (Table 1 ). The mean duration of illness before admission to the VMTH was 25 days, with a range of one day to three months. Nine horses had been boarded at facilities on which an outbreak of S equi infection had occurred between three weeks and four months before presentation to the VMTH. During the reported outbreaks, these nine horses had experienced signs compatible with strangles. One horse originated from a facility with an unknown S equi status and had no previous history of respiratory disease. Historical problems reported by owners were weight loss, fever, colic, partial or complete anorexia, depression and tachypnoea. While seven horses presented with chronic signs, three horses were referred to the VMTH for acute colic. Eight horses had been treated with antimicrobials and/or anti-inflammatory drugs by a referring veterinarian or the owner before presentation.
Seven horses were bright and alert at presentation, two horses were mildly depressed and one horse showed signs of severe colic (Table 1) . Other commonly reported clinical findings included tachycardia (heart rate >44 bpm), tachypnoea (respiratory rate >20 breaths/minute), fever (rectal temperature >38·5°C) and low body condition score (BCS) (<5/9). Rectal examination revealed a mass caudal to the left kidney in four horses or in the caudoventral abdomen in four horses. Rectal examination was unremarkable in two horses.
Results of a complete blood count and serum biochemical panel were available for all horses. The most common laboratory abnormalities detected were anaemia (packed-cell volume <30 per cent), leucocytosis (>11,600 white blood cells/µl), neutrophilia (>6800 neutrophils/µl), thrombocytosis (>225,000 platelets/µl), hyperproteinaemia (>7·7 g/dl), hyperglobulinaemia (>4·7 g/dl) and hyperfibrinogenaemia (>400 mg/dl) ( Table 2 ). The only biochemical abnormalities were elevated creatinine concentration (>2 mg/dl) and blood urea nitrogen (>27 mg/dl) in two horses, elevated aspartate aminotransferase (>494 U/l) in one horse, elevated creatine kinase (>287 U/l) in five horses, elevated sorbitol dehydrogenase (>8 U/l) in one horse and elevated gamma-glutamyl transferase (>22 U/l) in two horses.
Other diagnostic procedures included abdominocentesis, transabdominal and transrectal ultrasonography and serology for selected pathogens (S equi, Corynebacterium pseudotuberculosis and Coccidioides immitis). Cytological evaluation of peritoneal fluid samples from all horses revealed moderate (two horses) to marked (eight horses) purulent exudates with elevated total nucleated cell counts (>7500/µl), percentage of neutrophils (>80 per cent) and total protein concentrations (>2 g/dl) in all samples (Table 2) . Cytologically, neutrophils were non-degenerate in nine horses and severely degenerate in one horse. No intra-or extracellular bacteria were seen in any of the samples. Culture of abdominal fluid samples from eight horses yielded S equi in pure culture from one horse only, horse 7, which had acute, severe colic and had the highest nucleated cell count (166,000/µl) and protein concentration (7·9 mg/dl), and also contained severely degenerated neutrophils.
Abdominal ultrasonography (transabdominal and/or transrectal) was performed in nine horses. Ultrasound was not performed in horse 7 due to severe signs of colic. Of the seven horses that underwent transabdominal and transrectal ultrasonography, abscesses were visible via both approaches in four horses and were visible only on transrectal examination in three horses. Transrectal ultrasound was not performed in horses 4 and 9 due to the relative cranial location of their abscesses on transabdominal evaluation. The abscesses were generally circular to spherical, with a smooth to nodular surface, and were often surrounded by a thick echogenic capsule. The echogenicity of the abscess contents was defined as homogenously hypoechoic (six) or mixed (three). Hyperechoic gas echoes were not seen in any of the abscesses. The diameters of the nine abscesses ranged from 7 to 19 cm.
The abscesses were located ventral to the left kidney (horses 1 and 3), in the dorsocaudal abdomen (horses 5 and 10), the ventrocaudal abdomen (horses 4 and 6), ventral to the rectum (horse 8) and caudal to the left kidney (horse 2). Horse 9 had an abscess between the spleen and the stomach. This horse also had large hypoechoic areas within the splenic parenchyma consistent with diffuse splenic abscesses (Fig 1) . Peritoneal fluid accumulation was graded as moderate (in four horses) or minimal (in one horse) or was not recorded or not visible (in four horses). Additional ultrasonographic findings included caecal mesenteric lymphadenopathy in one horse and a thickened (8 mm) small intestine adjacent to the abscesses in another horse. Dilated loops of small intestine were reported in two cases.
S equi grew from a swab collected from the draining submandibular lymph node of horse 9. Serological results were available for six horses. S equi M (SeM)-specific antibodies were detected by ELISA at a high titre (3200 to 6400) and very high titre (≥12,800) in two and four horses, respectively. The same six horses had a negative titre for C pseudotuberculosis, and two of them were also seronegative for C immitis.
Treatment was initiated on eight of the 10 horses, while horses 7 and 10 were euthanased shortly after presentation at the owner's request due to the severity of clinical signs and/or anticipated treatment costs. Treatment of the other animals consisted of a variety of antimicrobial and non-steroidal antiinflammatory drugs such as flunixin meglumine (five horses, mean treatment time 5·6 days) and phenylbutazone (one horse, mean treatment time seven days). Initially, all treated horses received a combination of injectable and oral antimicrobials and were maintained for an extended time on oral antimicrobials (Table 2) . Rapid clinical deterioration (severe colic, nasogastric reflux) was observed in horse 2, necessitating euthanasia on third day of hospitalisation. Excluding this horse, the mean duration of antimicrobial treatment was 72 days for seven horses (range 30 to 131 days). Crystalloid fluids were administered intravenously to three horses (mean treatment time 1·6 days). The seven treated horses were hospitalised for a mean duration of 13 days (range from one to 62 days).
Horses 4 and 8 were lost to follow-up after the end of their antimicrobial treatment and five horses returned to the VMTH for follow-up examinations. The treatment of four horses was discontinued after their last recheck examin ation 45 to 60 days after being discharged, based on normal physical and clinicopathological findings and abdominal ultrasound examination. Horse 9 with the abscess between the stomach and spleen and diffuse splenic abscesses was followed on a monthly basis for three months after being discharged. Serial ultrasound examinations revealed the abscess to gradually reduce in size; however, the splenic hypoechoic areas showed only slight improvement. This horse was treated with chloramphenicol for a total of 120 days, at which time the medication was discontinued based on normal physical and clinicopathological findings and apparent ultrasonographic resolution of the abscess. The same horse re-presented three months later because of depression, anorexia, fever and weight loss. Repeat abdominal ultrasound revealed recrudescence of the abscess, infectious splenitis now involving the entire splenic parenchyma and moderate peritoneal effusion. The horse was euthanased at the request of the owner. Excluding the two horses lost to follow-up, long-term survival was reported in four of the 10 horses in the study.
All four non-surviving horses had a postmortem examination performed, which revealed large abscesses (15 to 30 cm in diameter) associated with either a mesenteric lymph node (horses 7, 9 and 10), the left kidney (horse 2) or the stomach wall (horse 9). Multifocal abscesses were found in the spleen of horse 9 (Fig 2) . In horses 2 and 7, the abscess was attached to the small colon and small intestine, leading to partial reduction in lumen size. All the abscesses were cultured and grew S equi.
The clinical signs and haematological changes observed in the study cases are in agreement with those found in horses with internal abdominal abscesses reported previously (Rumbaugh and others 1978 , Ford and Lokai 1980 , Sweeney and others 1987b . The history obtained from most of the study horses was consistent with a chronic disease process; only three horses were referred because of acute signs of abdominal pain. This highlights the slow progression of the disease process which, depending on the organs involved, could develop over many weeks before clinical signs become apparent. As with other chronic infectious diseases, the general attitude and appetite of affected horses was normal in most cases. Colic might have been caused by the suppurative peritonitis and/or diffuse adhesions of abscesses with parts of the small and/or large intestine, leading to partial obstruction of intestinal flow. Identification of an intra-abdominal mass by rectal palpation in the majority of the study cases highlights the importance of this procedure in the diagnostic evaluation of patients presenting for fever, weight loss and colic. However, the absence of a mass on rectal palpation should not rule out an abscess as a source of clinical signs.
Diagnosis of intra-abdominal abscess was suspected in the study cases based on the history, rectal palpation findings and clinicopathological data. Abdominocentesis, abdominal ultrasonography and serology helped support the diagnosis. Cytological evaluation of samples of peritoneal fluid gave findings consistent with a suppurative exudate in all horses, based on elevated nucleated cell count, percentage of neutrophils and total protein concentration. The absence of bacteria in the abdominal fluid samples was reflected by the absence of degenerative neutrophils in the majority of the samples. Based on these findings, the authors suspect that the suppurative peritonitis seen in the majority of the horses was the result of sterile inflammation of the serous membranes secondary to the close association with a septic focus (that is, an abdominal abscess) rather than being the result of disseminated bacterial infection of peritoneal surfaces. Culture of abdominal fluid grew S equi in one sample only; this sample was the only one that contained degenerate neutrophils. The possibility that more samples were infected with S equi cannot be ruled out, or that the negative cultures may be due to a bacteriostatic effect of the peritoneal fluid or previous use of antimicrobials. In the abscence of a positive culture, it may be difficult to differentiate between peritoneal fluid from horses with intra-abdominal neoplasms or with abscesses. Zicker and others (1990) reported that the presence of an exudative fluid, a leucocyte count exceeding 20,000/µl and a percentage of neutrophils greater than 80 per cent was more often associated with an intra-abdominal abscess than with a neoplasm. All except two of the samples from horses in the present case series fulfilled the above criteria.
In horses with a suspected abdominal mass, transabdominal and transrectal ultrasonography should always be performed in order to identify affected internal organs, characterise the mass and estimate the amount of peritoneal fluid and its echogenicity. Transrectal ultrasound enabled characterisation of palpable abscesses in seven horses and was the only route to image abscesses in three cases. In all cases, traditional rectal linear transducers were insufficient to fully evaluate the extent of the abscesses due to an inadequate depth of penetration. Transrectal use of a midrange frequency (4 to 6 MHz) curvilinear transducer or low frequency (2 to 5 MHz) sector transducer was better able to determine the abscess size accurately. Abdominal ultrasonography is also more precise than rectal palpation at detecting the involvement of specific organs in the disease process. In this study, abdominal ultrasonography allowed successful visualisation and description of abscesses in all nine horses on which the procedure was performed. In addition, serial abdominal ultrasonographic evaluation proved to be useful, in conjunction with haematological and peritoneal fluid analysis, for monitoring response to treatment; however, the apparent resolution of an abscess on repeat ultrasound examinations should be interpreted with care. The presence of a gas-filled viscus between the transducer and abscess can obscure its visualisation.
Serological testing for S equi antibodies using a SeM-specific ELISA has been advocated for diagnosing recent S equi infection, determining the need for booster vaccination against strangles, and as an aid in the diagnosis of purpura haemorrhagica and metastatic abscesses (Sheoran and others 1997, Timoney 1997) . Despite the small number of horses tested, the findings of the present study support the usefulness of the SeM-specific ELISA as a diagnostic aid for an internal abscess. Considerable variation in the immune response of individual horses should be kept in mind when interpreting serology results, as evidenced by the finding of a high (3200 to 6400), rather than very high (≥12,000) level of SeM-specific antibodies in two horses with internal abdominal abscesses in the present case series.
Metastatic S equi infection has long been recognised to be associated with a poor prognosis; however, an overall longterm survival rate of 40 per cent was achieved in this study.
Penicillin is considered the antimicrobial drug of choice for the treatment of streptococcal disease. Alternative drugs, such as cephalosporins, rifampin, macrolides, chloramphenicol, doxycycline and trimethoprim-sulphadiazine are used depending on ease of administration, the site of infection and treatment costs. Long-term administration of antimicrobials is necessary for the resolution of internal abscesses; duration of treatment ranged from 30 to 131 days (mean 72 days) in the horses included in the study. The preferred antimicrobial combination for long-term treatment of internal abscesses at the authors' hospital is rifampin and ceftiofur. This is based on the susceptibility of S equi to these antimicrobials, as well as the low incidence of adverse gastrointestinal effects observed at the hospital. The same antimicrobial combination has been used successfully to treat C pseudotuberculosis internal infection (Pratt and others 2005) . 
